The needle-less electrospinning method was employed for a preparation of calcium phosphate (CP) and magnesium calcium phosphate (MgCP) fibers as biocompatible coatings on Ti substrate. The polyvinylalcohol, triethyl phosphite, calcium and magnesium nitrates were used for a preparation of spun solutions and subsequent precursor fiber formation. The citric acid of 10 wt% was added to the spun solution in order to increase conductivity as well as a convenient complexing agent. A possible mechanism of complexation process of triethyl phosphite with calcium and magnesium nitrates with citric acid is presented. The optimization of calcination temperatures was defined according to the results obtained from TG/DSC analysis. The XRD analysis confirmed the formation of hydroxyapatite and Mg-whitlockite phases at both used temperatures 600 and 800 °C. The final morphology and thickness of prepared CP and MgCP fibrous coatings was designed by a suitable choice of the used sols, spinning time and calcination temperature. The SEM/FIB observations revealed that the average thickness of the CP coating was around 1 μm, which is almost two times thinner than the MgCP coating with the approximate width 2 μm. The in vitro cytotoxicity tests of the substrate surfaces revealed that the osteoblastic MC3T3-E1 cells have a good proliferation activity when cultured on the 600°C calcined substrates covered by smooth and uniform fibrous nets. A strong cytotoxic cell response was observed in the samples treated at 800°C, where the fibrous coatings were disrupted by the newly formed sharp rutile (TiO 2 ) micro-crystals. Such surface topography acts against the initial adhesion and proliferation of osteoblast like cells.
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Introduction
There are many metallic alloys, which are currently used as implant materials in clinical practice [1] . Among them titanium and its alloys hold a predominant place in orthopedic and dental applications because of their good biocompatibility, resistance to corrosion and mechanical strength [2] . In spite of these advantages the main drawback of titanium alloys relates to the motion at the implant -bone interface as a result of inadequate material osseointegration with the host tissue [3] . The solution to this problem lies in creating a coating on implant surface with biological active layer, which can significantly improve the fixation properties and prevent implant failure [4] . Calcium phosphate (CP) bioceramics as a basic mineral part of connective tissue has been extensively used in various field of biomedical applications thanks to good bioactivity, osseointegration and osteoconductive properties [5] . Despite of excellent biological properties, the CPs are known as materials with low mechanical strength and toughness, which allow their use only as filling materials or coatings. The CP-based coatings, mainly in the most stable -hydroxyapatite (HAP) form, were deposited onto the metallic surface in order to maintain the high mechanical strength of implants in combination with notable biological properties of CP layers. The recently used deposition techniques include, for example, thermal plasma spraying [6] , radio-frequency magnetron sputtering [7] , dip coating [8] , electrophoretic deposition [9] , etc.
The main disadvantage of high temperature deposition methods (e.g. plasma spraying) lies in a degradation of HAP phase during the heat treatment as well as controlling the thickness of deposited layers [10] . Nowadays, low-temperature electrohydrodynamic techniques like for instance electrospinning and electrospraying have received much attention in many different industrial areas due to capability of developing fibers or particles at micron, submicron or nanoscale range [11] . The basic principle of electrospinning is based on generating free charges
A C C E P T E D M A N U S C R I P T
4 on the surface of polymer solution by a high voltage potential, which overcomes the solution's surface tension and produces a charged jet of conical shape usually gathered on grounded collector [12] . In a typical setting one or more needles (spinnerets) are generally used to drawn the fibers from solutions or melt. However, the production rate of the simple spinneret is very low, which implies strong limitations for mass production [13] . On the other hand, the needle-less (NLE) or free liquid surface electrospinning can generate numerous jets from the solution surface what enhances the production rate even one or two orders of magnitude in comparison with the conventional method [13, 14] .
Although the electrospinning is considered as a powerful fiber producing technique, only a few previous studies dealt with the use of this method for the deposition HAP fibers on Ti surfaces. Iafisco et al. [15] has coated Ti alloy by the nanostructured collagen-apatite fibers by combining electrospinning and biomimetic mineralization. Their results showed that the obtained mineralized scaffolds are quite similar to natural bone extracellular matrix from the morphological, structural, and compositional point of view. Santhosh and Balasivanandha Prabu [16] electrospun coated Ti-6Al-4V alloy with nano HAP -polysulfone. It was demonstrated that the coating containing nano HAP particles promoted growth of apatite crystals upon immersion in simulated body fluids (SBF) and did not show corrosion over prolonged soaking of 14 days.
Recently, growing interest has been devoted to a production of Mg containing biomaterials such as biocements [17] , scaffolds [18] and coatings on metallic substrates [19] [20] [21] due to the beneficial biological effect of Mg emerging as a naturally occurring element in human body, especially in bones [22] . The Mg containing calcium phosphates (MgCP), such as Mg substituted hydroxyapatite (Mg-HAP), has been shown as an attractive component to improve the biocompatibility of HAP coatings. For instance, Zhao et al. [20] electrochemically deposited pure HAP and Mg-HAP coatings on the surface of pure titanium discs. They showed that the Mg-HAP
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A C C E P T E D M A N U S C R I P T The present work is focused on a design of the bioceramic CP and MgCP coatings via needle-less electrospinning method. The CP and MgCP coatings were prepared by the sol-gel method from solutions containing calcium/magnesium nitrates and triethyl phosphite with the Ca/P and Ca+Mg/P ratios set to 5:3. The citric acid was used as a complexing agent as well as for the necessary higher conductivity of the prepared sols. The complexation mechanism of precursor sols was suggested. The coatings were deposited on commercially Ti-6Al-4V discs and thermal treated at two different temperatures (600 or 800°C). The effect of used temperatures on morphology, density and thickness of fibrous samples was thoroughly described by SEM/FIB analysis. The in vitro osteoblast response of final deposited fibrous coatings was also investigated.
Materials and methods
Preparation of sols for electrospinning
The CP and MgCP precursors were prepared by the sol-gel method using triethyl A C C E P T E D M A N U S C R I P T 
Substrate preparation
All prepared coatings were spinned first on the basic textile substrate -polypropylene non woven spun-bond in order to optimize the conditions for NLE process. The final optimized sols were deposited on commercially pure Ti alloy (Ti6Al4V discs with diameter 35 mm, thickness 2 mm, sandblasted with 60 μm (180 grit) size corundum particles (Al2O3) purchased from PROTETIM Kft., Hungary). Before deposition, Ti substrates were ultrasonically cleaned in acetone for 20 min and air dried.
Electrospinning deposition of CP and MgCP coatings
The needle-less electrospinning device (NLE, Nanospider TM NS Lab from ELMARCO) was used for the deposition of CP and MgCP fibers on Ti substrate by the following procedure:
the solutions for electrospinning were loaded into the spinning bath (30 ml vessel and rotating electrode) and the distance between spinning and collector electrodes was adjusted to 140 mm.
The rotation speed of the spinning electrode was set to 10 rpm and subsequently a high voltage of 70 -75 kV was exposed on the spinning drum surface. The four different times 3,5,10 and 20 min were used for optimization of the electrospinning process on Ti substrate at room temperature (RT) with a relative humidity of 60%. Electrospun fibrous mats were stabilized at 80°C/0.5 h and subsequently calcined at 600 and 800°C for 6 h at the heating rate of 10°C/min.
Characterization methods
The 
Cell viability test
The preosteoblastic MC3T3E1 cells (Sigma-Aldrich) were released from culture flasks after reaching confluence (SPLLife Sciences, Korea) enzymatically (0,25 % Trypsin-EDTA;
Sigma). The cell population was counted (Neubauer hemacytometer) and adjusted to 4x10 
Results and discussion
Conditions for preparation of spinned solution for NLE
Like any other technologies, NLE has also unique features, which must be necessarily fulfilled in order to produce the high-quality fibers. There are some specific processing parameters such as solution viscosity, conductivity, surface tension and solvent volatility which
affect mainly the production of fibers through electrospinning. In general, the electrospinning process uses high voltage in order to overcome the surface tension of the solution droplets at the end of the needle or the surface tension of the liquid surface in NLE. Especially in the NLE, the ionic conductivity of solution plays a crucial role to generate sufficient number of charged particles which could be transferred to the solution surface. On the other hand, the highly conductive solution can cause extra charges which could not be accumulated on the liquid surface and hampered the generation of fibers from the fluid.
The sol for the preparation of spinned solution was taken according to Dai and Shivkumar [23] .
However, the conditions and preparation of solution for spinning had to be adjusted due to the necessity of higher solution conductivity and stabilization of a precursor fibrous structure (Tab.1). As resulted from Tab. 1 it is clear, that despite of relatively high initial conductivity of the pure CP sol, its viscosity is to low for fiber production. The ionic conductivity of earlier published pure sol was 75 mS and further mixing of sol with PVA caused the decrease of solution conductivity as a result of an increase of the solution viscosity. Moreover, the prepared precursor fiber net was unstable and very sensitive to laboratory moisture immediately after the electrospinning process. Therefore we have added CA, a common tricarboxilic organic acid which in fact, similarly like other organic acids (acetic acid, trifluroacetic acid) [24] . decreased the solution surface tension and at the same time enhanced the charge density of PVA/solCP solution without significant effect on viscosity which resulted in easily spinable precursor fluid.
The CA was added to the prepared CP and MgCP sols to achieve increase of conductivity and as a common complexing agent in aqueous-base sol-gel processes (see Scheme 1 Except of the conductivity, the effect of CA on the morphological structure of fibers is clearly evident from Fig.1a . The precursor fiber net spinned from sols without CA content did not show fibrous morphology due to the moisture instability (Fig. 1a) . On the other hand, the resulted structure after calcination at 800 °C has shown porous but not fibrous structure of CP sample (Fig.1b) . The precursor CP net prepared from the solution containing CA contrarily maintained the fibrous structure before as well as after the heat treatment (Fig.1c,d ).
The comparison of thermal decomposition of pure PVA, PVA/solCP/CA and PVA/sol MgCP/CA precursor fibers was evaluated according to DSC/TG analysis (Fig.2a,b) . It is obvious from Fig.2a that the overall weight mass loss of pure PVA can be separated into two temperature ranges. The evolution of weakly bonded water emerges in the first temperature range from 200°C to 250°C, while the decomposition of polymeric chain appears in the second temperature range from 250°C to 500°C. The first mass loss of PVA was invoked by the exothermic thermal process observed from DSC analysis (Fig.2b) . The thermal degradation of PVA precursor fibers terminated at 500°C, above which no further mass loss was observed from TG analysis. In the case of PVA/solCP/CA and PVA/solMgCP/CA precursor fibers, the rapid decomposition and burning-out of citric calcium/magnesium-nitrate complexes (Scheme 1) was evident at 120°C
indicated by the sharp exothermic peaks (see Fig.2b ). A more gradual release and weight loss took place in the remaining temperature region, which is related with the degradation of PVA 
XRD analysis
The XRD patterns of uncoated as received TiAl6V4 substrate to be further referred to as Ti substrate and the related substrates calcined one hour at 600°C or 800°C are shown in Fig.3a .
The diffractogram of Ti substrate heat treated at 600°C shows only traces of rutile structure 
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Morphological characterization
The investigation of Ti6Al4V microstructure obtained after two different heat treatments is presented in Fig.4 . The original microstructure of as received Ti6Al4V substrates is presented in Fig.4a ,b in order to be capable of illustrating influence of the heat treatment. Surfaces of TiAl64V substrates were modified by sandblasting with Al 2 O 3 microparticles, which were incorporated into the surface structure and were observed as large smooth microparticles with sharp edges (Fig.4b) . The change in microstructure of Ti6Al4V surface affected by the lower calcination temperature 600°C is visible in Figs. 4c,d . The uniform spherical particles of rutile type resulting from the oxidation process can be clearly distinguished on the surface. The increase of the calcination temperature to 800 °C has caused the transformation of the rutile particles from a spherical to needle-like shape (Fig. 4e,f) . (Fig. 5a,c,e) . However, the spinning time of 20 minutes led to the formation of an excessively rough layer susceptible for exfoliation after calcination of samples at higher temperature (Fig. 5f ). Besides the aforementioned features, the high surface shrinkage was also responsible for the exfoliation of prepared fibrous layer. Accordingly, 10 minutes for the spinning process has turned out to be optimal and was taken for all CP and MgCP fibrous coatings. The needle-like morphology of the rutile phase was obvious from all the calcined samples at 800 °C (Fig. 5b,d ,f). It is tempting to conjecture that the needle-like morphology of the substrate prevents the formation of continuous fibrous net and promotes the exfoliation and disruption of the coating layer. Therefore, the calcination temperature 600 °C was taken for the final heat treatment of all prepared samples. (Fig. 6a) , after calcination of fibers at 600°C spinned on the textile substrate (Fig. 6b) , after calcination of fibers at 800 °C spinned on the textile substrate ( Fig. 6c) and CP fibers spinned for 10 minutes on Ti substrate and calcined at 600 °C (Fig. 6d) . It follows from Fig. 7a that the precursor fibers were successfully prepared with quite uniform size in diameters without any droplets and defects. After calcination at 600°C, the CP particles were observed as interconnected spherical particles forming the linked chains (Fig. 6b) .
The calcination at 800°C led to a breakdown of fibrous structure, which is replaced with networks with highly interconnected porous scaffold (Fig. 6c) . The similar observations were also found in the case of MgCP fibers prepared from PVA/solMgCP/CA on textile substrate (Fig.   7a,b,c) . The fibrous morphology of the coatings was maintained after calcination temperature at ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T
17
600°C irrespective of the type of spinning substrates (textile or Ti substrate, see (Fig.7b,d ).
However, the higher density of fibrous mat was achieved in the case of MgCP coating compared with the pure CP coating on Ti substrate (Figs. 6d and 7d) . Moreover, the Ti substrate clearly affected the morphology and density of CP and MgCP fibrous coating, since it was directly used as conductive substrate.
The focused ion beam technology (FIB) supplemented by the line EDX analysis was applied for verification of the coatings density and porosity after 10 minutes of spinning process 11a ) were well spread, adhered and uniformly distributed on surfaces after 2 days of cultivation.
The cells have a prolonged morphology with filopodia mutually interconnected to each other cell.
After 10 days of cultivation, the density of viable cells was significantly enhanced and cells created multilayer coating on surface (Fig. 12a) . The prolonged cell morphology was clearly observed with visible filopodia without any dead cells.
After two days of cultivation, the Ti surfaces coated by 600°C calcined CP fibers showed viable cells with quite uniform distribution (Fig. 11b) . Similar results were observed on the MgCP samples (Fig. 11d) . However, the MgCP coated surface exhibited cells with longer filopodia, better spread on the sample in comparison with uncoated Ti. No dead cells were observed on sample surfaces. These facts clearly demonstrated that the cytotoxicity of CP and MgCP coated surfaces was low. After 10 days of cultivation (Fig. 12b,d ) the strong population growth of osteoblasts was found on the surfaces, but some small regions without adhered cells can be also identified. A small difference in the density of live cells can be only found after 10 days of cultivation on CP surfaces where a denser cell layer was verified (Fig. 12b) .
On the other hand, the strong cytotoxicity was revealed for both studied samples heat treated at 800°C irrespective of the cultivation time. Only a few live cells were identified on sample surfaces and the majority of cells were dead. Consequently, very small population of live poorly spread (spherical) and probably weakly adhered cells to surface of samples the 800°C calcined was observed after 10 days of culture (Figs. 11 and 12c,e) .
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26 Such big differences in cells proliferation can be clearly attributed to the different surface microtexture of tested samples, which has already been proven in many cases of in vitro testing of biomaterials [25] [26] [27] . To confirm this fact, we have observed the microstructures and surface topographies of the CP and MgCP coated Ti substrates after 10 days of cultivation (Fig. 13) . It can be seen from this figure that very fine needle-like rutile particles were formed on the whole substrate surfaces despite of using adequate spinning time, which was set to form continuous coating layers on the surface of Ti substrates in both CP and MgCP samples heat treated at 800°C. These newly formed sharp particles were perpendicularly oriented from the substrate surfaces and ruptured the fibrous nets. Consequently, the sharp edges of the rutile particles together with the exfoliated coatings did not allow good adherence of osteoblastic cells to the substrates and caused strong cytotoxicity. Some recent studies have been focused on studying the effect of Ti surface characteristics on the adhesion and proliferation of cells, which may be largely affected by the micro-and nanoscale topography, chemistry and charge distribution [28] [29] [30] . It has been demonstrated that different surface microstructures, e.g. globular, martensitic, bimodal and lamellar types, have been attained on the surface of Ti6Al4V alloy after using various surface treatments [31] . When applying the combination of the alkali -heat pretreatment techniques, a uniform porous sodium hydrogen titanate is formed on the origin substrate surface with the diffusion TiO 2 layer of thickness ranging from several hundreds of nm to several m depending on the heat treatment temperature [32, 33] . Su et al. [33] has pointed out that the presence of the sodium titanate layer was essential for preserving the surface and chemical 
